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Table 11 Phosphors for Hirfi-Pressure Mercury Lamps 



PA6E17/32 



Chemical composition 



Luminescence 
color 



YV04:Eu** 

V(V,P)04:Eu** 

(Sr,Mg)3(P0Ji5n»- 

3.5M^0.5MgFjGeO2:Mn** 

YjSiOs:Ce^%Tb>- 

Y3Alt50„:Ce^* 

BaMgiAl^OjyJEuM^** 

Sr,Si30s'2SrCli:Eu^* 

Sr,o(P04)iCl2:Eu> 

(Sr,Mg)s(PQ4)2:Cu»* 



Red 

Red 

Orai\ge 

Deep red 

Green 

Green 

Greenish-yellow 
Blu&^reen 
Blue-green 
Blue 

Blue-green 



Peak 


Half- 




wavelength width 
(nm) (nm) 


Application 


619 


5 


Ordinary lamp 


619 


5 


Ordinary lamp 


620 


40 


Color improv, lamp 


655 


15 


Color improv. lamp 


543 




Color improv. lamp 


545 




Color improv. lamp 


540 


12 


Low color temp, lamp 


450, 515 




Color impfov. lamp 


490 


7 


Color improv. lamp 


447 


32 


Color improv. lamp 


490 


75 


Color improv. lamp 



Emission 
spectrum 
(fig. No)* 

58 
58 
61 
57 
5S 
66 
68 
70 
72 
16 
74 



• See 5,63. 

These phosphor are being used for fluorescent lamps that have high color rendering 
properties. 

Cn.s iXS^' ^SSXffor s have a hexagcmal s^cture ^nd a ^^^^ 
tiwl with natur al apatite. Tlie Ca atoms occupy two different sites: Ca atoms m Ca© 
^Tsurroundelby s« oxygen atom3 and tho« CaW sites - --^"^^ 
halogen atoms. Tn ca Js where th P hal..^^n is F. Ca(fn and F atoms are sifaiated ix^^^^g 
same crystal nlane. When the halogen is CI, however. Ca(n) cannot remam m tnc s»ae 
c^taT^lan^ due to the larger ioSk radiu s of CL^ Th^ difference between these two 
SdiguS^tior^^namely. P-apltite and Cl-apatite-^ults in difierert lljf^^^'jf P?^ 
.^■..Ft:. .^fi ^.r.Jr. of (^XnWoatite ^h, ..rr.. that of Cl-apatit^. AlttiOOgh 
are many reporte concerning ihe sites of Sb and Mn. the consensus seemd to be «»* "^^e 
ions are capable of replacing Ca ions at both types of sites. While "manganese ions ae 
generaUy distributed ikther uniformly in the crystal bulk, antimony ior« are found mostly 
Sn the surface region of the crystal' Partial substitution of Ca by Sr " ^^^Pf^J 
substitution by eror Cd is also possible. The Cd O-apatite belongs to another phosphor 
group.* 

Emission characteristics. This phosphor series is typical of doubly activated ph<«phort. 
Energy transfer from Sb** to Mn** can be understood In terms of DextCT 3 «»«ance 
traniSer theory. The Sb»* emission peak in calcium halophosphate is located at-480 
at room temperature and is not influenced by the kind of halogen in the host. The 
emission peak of Mn** in calcium fluorophosphatc Is located at -575 nm, whereas ttiat 
of calcium chlorophosphale is located at "585 nm. The manganese emission peak In 
calcium Huorochlorophosphate is located between these wavelengths, depaidinff on the 
F Cl ratio Bmission colors &om blue-white to warm-white are easily obtamed by choosing 
an appropriate Mh:Sb ratio. A typical example is shown in Kguie 11; witti increases m 
the Mn'» concentration, the Mn** emission Intensifies, while the Sb3- emission is sup- 
pressed. When the Mn^^Sb" ratio is 1, the peak intensity of the Mh»* emissirai is 1-2 Jtaes 
that of tfie Sb»* emission. The Sb»* emission vanishes when the ratio rises above 3.3. The 
Mn*» emission peak shifts to shorter wavelength when Ca is substituted by Sr. 

At 83K. the Sti^ emission Is composed of a main emission band peaking at -500 run 
and a subband peaking at -390 nm. With rising temperahites, Ihe main «nissi«t band 
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Figure 21 Emission spectra of various calcium halophosphate phosphors activated by Sb*^ and 
Mn^^: (a) blue-white Mn^*:^)** = 0:0.15 mol per 6PO^ (b) dayHght Mn^Sb^ = 0.08:0.08 mol per 6VO^ 
(c) cool white Mn2*:Sb3* = 0.17:0.08 mol per 6PO4; (d) warm white Mn^:Sb^ = 0.24K)^ mol per 
6PO4. (From Kaxniya, S. and ^4IZuno, unpublished results. With permission.) 




200 



300 

Wavelength (nm) 



4 Bgun 12 Exdtation spectra of calcium halophosphate phosphor activated by Sb^*^ and Mn^*: (a) Sb** 

emission; 0>) Mh»* emission. (Fmm Kamiya, S. and Mizuno, H., unpublished results. VWth permission ) 

shifts to shorter wavelength and becomes broader.^ Hie stibband is not observed m the 
Sr halophosphate phosphor and its emission peak is located at ^500 nm at room temper- 
ature « Addition of Cd results in the shift of the Nfo^* emission to longer wavelength. As 
is clear from the excitation spectra shown in Figure 12, ttus phosphor series has good 
conformity witti tfie 254-nm resonance radiation line generated in ttie low-pressure mer- 
cury discharge. 

Temperature dependence. The manganese emission maintains relatively good characteris- 
tics at high temperatures. Almost 90% of the emission intensity is retained, even at 200°Q 
without a shift in the emission peak. The antimony emission barui howevei; shifts to 
shorter wavelengths with increasing ambient temperature. This results in a decrease of 
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th. luminous efficacy.^ Therefore, the appUcation of these pho,phors for high-loading 
fluorescent lamps is limited. 

Degradutm characteristics. Haiophosphate phosphors are ^j-J;^^^.^^^;^^^^^,^ 
^Phosphors in current use. However, an initial short-teim degradabwi shU 
SSffi causedby color center formation under irradiation l^^-run 

which is a component in low-pressure mercury discharges.^ During the inib^ 
Sd onS^p op^^on, this phenomenon is pronounced. A bri^tness ^^f 
fo 6% is obSSed within the first 10 minutes of lamp operation. After 1 hour of 0P«aW^ 
L deSi^J^n lite reaches 8 to 10%. The F-apatite phosphor has a lower dq>res«um nite 
S « SciVapSte phosphors. Wllh increases in the Sb concentration, depression 
5te deceases Partal replacitent of Ca by Cd also results in remarkable dimmuhon of 
S^^^^sf^ ratS^>re W the fear of enviinmental 

S^^rSrent has been abandoned. Besides the degtadaHon ^^"«f^^^^f JJ^^ 
formation the maintenance of light output during the lamp operabon "J't^^S^y^^if* 
ma^iSring conditiSIs and by the kind of glass used in the envelope. Th^ 
^^[rf^CSts of fhe phosphors is another important fector that exerts mfluence on 
the maintenance of Ught output, as well as the efficacy of the lamps. 

^»«PO r»rn. CaF CaQ, Sb,0^ and MnCOj are most commorJy used 
maSaSr-^f^mpf^S^^ NH.a are' also used to provide *e 
^iSS^omponents. The preferred mixing ratio of these materials hes in a range 
SSSS stoichiometric value. A slight excess of PQ. gives i^l^^t^^^ 

preferred range of the Mc J'0.:F,C1 ratio lies between 9.8:6.0:1.6 and 9.9S.6.0.1.^ These 
coSp^ts ^ usually mixed by means of a dry system, such as bal mill ^^^'^^ 
com .SSi. Mbced matLals are filled in cnadbles or dishes and firedin 
at -1200«C for sever^ hours. The firing time depends on the <I»^^*y 
S thevesseL The most important factor during the firing process is 
AlSough atmospheric control can be attained using a reducing or mert gas flow toe 
adSstoBnt of the ventiUtion system is normally used for control. After crushuxg 
St^^sSte^ cakes, thepoUredphosphorsarev^ish^byaod^^^ 
in ordir to make the crystal surface smooth. Removal of partides that are fine is ^ 
L^L for improved Lnp efficacy as weU as for better maintenance djaractensbcs.^'-" 
For^ reiS v-rious mean^itfier a dry or wet system utUizing sed«^entation and 
StriS^tton-Ure being employed. The contiol of crystal shape and P"^«^^^^.^ 
JlSion ^phosphors Is iuite important for practical lamp apphcation. "n^ese phosphor 
characteristics strongly depend on those of the CaHPO* taw material. 
Use. Phosphors containing both Sb>* and Mn^ are widely used for the standard waim. 
white, white, and dayUght fluorescent lamps used for gener^ ^^SS'^'^a^ 
ohosohors are abo utilized as the main component of the phosphor blend for Class A 
tomoved color rendering type lamps. Cakium halophosphale tn^es up the first layer m 
S2dS^ayer constructiorof three-band fluorescent lamps." The phosphor acUvated 
by Sb»* alone is used for bhie-white color lamps and for color correction purposes ot 
general lifting lamps. 

Cn/s tof SSd!£ ''^ ^iS^fb^^ "r be long s to the hexag( -°' ^'-Tl H ^ «t,u.h^. Its lattice 
coi^tant varies c ontinuou.sly. depending on flie Ca:Ba ratio; the ateoccupied by Eu has 
not been determined. 

Emission characteristics. The peak wavel ength of emission changes with the CaiBa ratio. 
V«th increasing Ca content, the emission peak shifts to koiger wavelengths and the emission 
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Figure 13 Emiwlon spectnm of (Ba,Ca,Mg>,o(POJ,C!2:Eui-. (From Kamiya, S. and Mizurto, H., 
unpubL'shed results. With pennission-) 




300 
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Figure 14 Spectral reflection of (Ba^Ca^MgUPOj^aitEu'*. (From Kamiya, S, and Mizuno, H., 
unpublished results. With permission.) 

becomes broader. Partial replacement of Ca by Mg is effective in improving the efficacy as 
well as the maintenance. In Figure 13, the specfaral power distribution of a typical example 
of this phosphor is shown. As is clear from the figure, the emission peak is located at --483 
run and the spectrum is asymetricaL Whereas a steep embsion energy decrease is observed 
in ttie shorter wavelength side, the emission in the longer wavelength side is gently sloping 
and extends beyond 600 nm. The absorption band of Oiese phosphors is well into the blue 
region of the spectrum, as Is dear from the spectral reflection curves shown in Figure 14, 
This property is useful in suppressing the intensity of mercury lines in the blue region^ 
resulting in improvement of the color rendering property of fluorescent lairds. The exci- 
tation spectrum also extends into the blue region, as is shown in Figure 15. 
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'200 
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Figure 15 Excitation spectrum of (Ba,CaJ^g)io{P04)6Cli:Eu»*. (From Kamiya, S. and Mizuno, H-, 
unpublished results. With pemiission.) 

Preparation. A mixture of BaHP04/ BtiCO^ CaCOy MgO, NH^Cl and Eu^Oj is fired at 
800 to IGOO^C in air for several hours. After milling and sieving the sintered cake, a second 
firing is carried out at the same temperature as the first in a slighdy reducing atmosphere 
for several hours. The stoichiometric composition rado of the total metal com.ponents to 
phosphoric acid gives optimal lesults. When the Ca content is 1 mole:6P04 and that of 
Mg is 0.1 mole:6P04, the emission peak is located at 467 nm. With increasing Ca content, 
the emission peak shifts to longer wavelengths and reaches 497 nm when the Ca content 
is 3 mole:6P04. The Eu concentration to obtain the highest efficacy is around 0.2 mole:6P04. 
The preferable Mg content lies in the 0.1-0.2 mole:6P04 range; 

Use. The blend of this phosphor with a (Si^g)3{F04)2:Sn^ phosphor makes it possible 
to construct the fluorescent lamps with high color rendering Class AAA, even when a 
simple single-layer coating is employed. 

SrJP04)fil2:Eu^'^ and (SKCa,BaUPOJ,ar.Eu'* 
Crystal structure. Among the alkaline earth halophosphate crystals, only Cl-apatite 
gives efficient emission by activation with divalent europium. The lattice constant and 
spectral power distributions are depgndent on the ratio of the metal species.' ^ 

Emission characteristics. The Eu^^-activated Sr Cl-apatite ffives a sharp emission spec- 
trmn peaking at 447 nm, as shown in Figure 16(a)." Partial replacement of Sr by Ca 
results in the shift of the emission peak to longer wavelength, and the emission spec- 
trum becomes asymmetric in the long- wavelength region. The emission peak shifts to 
452 nm when 1 mole Sr is replaced by Ca, as shown in Figure 16(b). Although the 
replacement of Sr by Ba is supposed to result in the shift of the emission peak to shorter 
wavelengths, a systematic study of the Sr-Ba system has not been made. When 1 mole 
each Ca and Ba replace Sr, the emission peak wavelength is found at 445 nm. Incorpo- 
ration of a small amount of Ba serves to improve the degradation characteristics of the 
phosphor. It is also reported that an increase in the emission intensity is observed 
when a small amount of phosphate is replaced by borate.^^ The excitation spectrum is 
also affected by the composition of the matrix, especially in the wavelength region 
shorter than 300 nm. In Figure 17, the excitation spectra of a typical Sr-Ca Cl-apatite 
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Figure 16 Emission spectra of (SrAQ^oCPOjACijiEu^*: (a) M » 0; (b) M « 0.1 Ca. (Ftom Kamiya. S. 
and Mizuno^ unpublished results. With permission.) 




Wavelength (nm) 

Figun 17 Excitation spechra of (Sr,Ca)io(P04)^:Eu3«: (a) without B^C^* (b) with BA- (ftom Ka- 
mtya, S. and Mizuno, unptibUshed cesults. Wrh permission.) 

with and without borate incorporation are shown. This series of phosphors has a broad 
excitation band resulting in good response to both short- and long-wavelength UV 
excitation. 

Pmparation, A mixture of raw materials^ such as SrHPO^^ SrCQ^ SrO^, CaCly^ BaCU. and 
Eu,Oo in the desired raHo , is fired at 1000 to 1200*'C in a sllghdy reducing atmosphere. 
The sintered cake is converted to the powder in the usual way. The ratio of the total metal 
components to the sum of the phosphate and borate combined is adjusted^ preferably to 
the stoichiometlc value. The appropriate Eu concentration used is around 0.03 mole:6P04. 

Use, These phosphors are mainly used for the blue color component of thxee^band flu- 
orescent Lamps. 



PAGE 2202'RCVD AT Wm 10:55:58 AM lEastem Standanl Tlmel*8VR:USPTOg)(lff-1/0*DNIS:8?29308' CSID:51M87775rDURATO ^ (iniMS):tO-0^ 



JAH 03 2005 11:08 FR GE C0RF0R(=1TE R-D 



5183877751 TO 81703372S306 



P. 23/32 



400 



Phosphor Handbook 



5.62.2 Phosphate phosphors 
Phosphate ctmtpounds have been utilized as host materiak of lamp phosphors fot many 
years, thanks to their relatively low material cost, easy synthesis, and reasonable stabili^ 
in lamp application. The development of the first synthesized alkaline earth phosphate 
phosphor can be traced back to 1938. In the 1960s, rare-earth-acttvated alkaline earth 
phosphate phosphors were practically used in photocopying fluorescent lamps. This was 
the first application of xare-earth-activated phosphors in fluorescent lamps and represented 
a landmark in the history of fluorescent lamp development 

Recently, rare-earth-activated, green-emitting phosphate phosphors have successively 
been developed for three-band lamps as competitive materiab to aluminate phosphors- 
Phosphates are still being exploted as one of the promising matrix crystals for new 
lamp phosphor development. 

Sr^iOf^Sn^'' 

Crystal structure. The Sr^^iOj crystal is dimorphic. A high-temperature treatment resiilts 
in the a phase crystal, whereas the p phase is formed at low temperature. Hie practical 
phosphor belongs to the a type. 

Emission charact^tics. The emission color of alkaline earth pyrophosphates activated by 
divalent tin varies from blue to green depending on the species of the alkaline earth 
metal.^^-^^ The Sr pyrophosphate phosphor has a relatively broad emission band peaking 
at 464 nm, as shown In Figure 18. Ttie color coordinate of the emission is calculated to be 
X = 0.160, y = 0.179. The excitation spectrum of this phosphor is shown in Figure 19. In 
addition to efficient excitation by UV radiation of wavelength shorter than 300 nm, this 
phosphor can also be excited by electron beam or by X-ray. 

PTCpaTtition. Raw materials are ordinarily chosen from SrHPO^ SrCOa, (NH4)2HP04, and 
SnO. To preserve the divalent state of tin^ a sliglitly reducing atmosphere is required during 
ttie firing process. Freferrf?le firing temperahjrcs are -900 to 1000"C. Ihe amount of Sn is 
in the vicinity of 1 to 2 mol%. 

Use.' This phosphor was occasionally utilized to improve the color rendering property 
of fluorescent lamps. 

Crystal structure"^. V^hsn pure Sr^CPO^), is heated to between 1000 and 1600**C and then 
rapidly cooled down to room temperature^ a rhombohedral structure is obtained. Above 
1305*^C transition into a stmchxre similar to ^<:si3(PO^ has been identified by differential 
thermal analysis. This means that ihe crystal structure of pure 5r3(FOj2 is always rhom- 
bohedral at room temperature, independent of the synthesis temperature. However, partial 
replacement of Sr, eititer by Mg , Ca, Zn, or Cd, makes it possible to keep the P-Cr^(^O^i 
structure even at room temperature. Only the p type phosphate gives efficient 
fluorescence. 

Emission diaracteristics, Mg in loo large an amount gives a strongly sintered phosphor 
cake, residting in low emission intensity. The highest brightness is obtained in the ^type 
structure but only at a critical composition close to the border where a and ^type struc- 
tures co-exist.^ As shown in Figure 20, this phosphor has a broad emission band with a 
peak at 620 nm. The hi^est quantum efficiency is obtained when 11 mol% Srj{F04)2 is 
replaced by MgaCPOJi- ^ this case, the efficiency reaches OSS. Such high efficiency is not 
observed in the Ca or Cd compounds. When the Sr-Mg phosphate is used, the luminous 
efficacy of a 40-W fluorescent lamp is as high as 56 Im W^^ The excitation spectrum shown 
in Figure 21 illustrates clearly that this phosphor is also efficiently excited by the 365-nm 
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Figure 18 Emission spectrum of St^JD?'^^*' (From Kumiya, S. and Mizunp, H.^ unpublished 
results. With permission.) 




300 

Wavelength (nm) 

Figure 19 Excitation spectrum of SrjP^CVrSn"*. (From Kamiya, S. and Mlzuno, H., unpublished 
results. Wth pentiiissioa) 

radiation generated in the high-pressune mercury discharge. Thanks to this excitation 
characteristic and the excellent high-temperature characteristics, diis phosphor has been 
widely used for the purposes of color correction arui efficacy improvement in high- 
pressure mercury lamps. 

Preparation, SrHP04, SrCQj, 3MgC(3j'Mg(OH)2-3HA and SnO are commonly used as 
raw materials. The preferred Sn concentration is 2 to 4 mol%. Firing is cazried out at 1000 
to 1200^ in a slightly reducing atmosphere for several hours. Special caution must be 
taken for atmospheric control to preserve Sn in the divalent state during the firing process. 
Tlie sintered cake is milled to a powder by ordinary means. 

Use. This phosphor is very important as the red-emitting component of extremely high 
color rendering fluorescent lamps of Class AAA. 
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FigurelO Einissionspectwmof (Sr^(P04)j!Szfn(FromKami^^^ 
results. With permission.) 
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figure 21 Excitation spectrum of (Sr^giJpO^^iSti^. (From Kamlya, S. and Miawno, H,, unpub- 
lished results. With permission.) 

Crustal structu re. ' ri\e<:::aarPO.V crystal is dimorphous. The a ph&se forms at temperatures 
higher than 1180°C ar\d the P phase crystal forms below that temperature. For practical 
lamp phosphors . Ca-Zn orthophosphate has been used as the matrix compositioii in Older 
to shift emission peaks for a particular application. 

Emission characteristics* The emission peak of Ca>^(PQJ>:Tl» is located at 32ft nm, as shown 
in Figure 22(a),^ This peak wavelength deviates from the erythematic sensitivity peak of 
298 nm. Shifting of the emission peak is possible by partial replacement of Ca by Zn> W ith 
an increase in the Zn amount/ the emission peak shifts to shorter wavelengthsT The 
composition in practical use is (C%9,Zno.i)3(P04)2:Tl% with emission peak located at 
310 rmv i-^v nearer to the ciythematic sensitivity peak, as shown in Figure 22(b),^* Partial 
replacement of Ca by Zn does not alter d\e excitation spectrum significantly, as shown in 
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^ . Figure 22 Emission spectra of (a) C^j<pO,):m^ and (b) (Ca,2nWP04),:Tl^ (From Kamiya, S. and 

ipublished Mizuno, H., unpublished results. With permission.) 




d., unpub- 



.peratures 
rpxactical 
n in Older 

as shown 
y peak of 
Zn.With 
gttis. The 
ocated at 
l.^ Partial 
shown in 



Figun 23 ExcitaHon spectra of (a) Ca^POJ^Tl* and (b) (Ca^),(P04)2:Tl^ (From Kamiya, & and 
Mievtno, H., unpublished results. WUh permission,) 

Figure 23. 4Q-W fluorescent lamps employing this phosphor generate 73 to 8.0 W of LTV 

radiation with an output of 1.3 to 1.75 W at the erythematic wavelength. 

Preparation. Usually, CaHPO^, CaCOa, ZnO, and TTNOj ate used ad starting materials. 

Hie blended materials are then fixed at 900 to 1000*^0 in air. A favorable result is obtained 

by fixing at relatively low temperatures because this mirumi^es the evaporation loss of Tl. 

The optimal Tl concentration is '-S to 4 mol%. 

Use, This phosphor is exclusively utilized for fluorescent sun lamps. 

Sr^PfOj-Eu^^ and (SrMghPiO?:^^^ 
Crystal structure, The crystal structure of these phosphors have been identified as orthor- 
hombic a type. The lattice constants of SizP^O, are a = 8.98 A, b ^ 18.13 and c = 5.40 A. 
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Fmb^itm characleristics. Because the divalent Eu ion emission originates from an electric 
^^Sr^sSt^tween the ^ -^^S-f ^^'^^ 

tivelv broad and the spectrum is influenced strongly by the matm st™chire. Aawmng 
in X ra^Salvsis <;r.Mff pvmpho.s phate has a diffei^ ^ ^tmchire from either Sr or Mfi 
n^SLS^teS T^eSJionV^ ol (Sr,Mg^.PA:Ku^- ^ lo cated at 394 wh«eas 
ro Swbu '- ^ at^ nm, as shown in Figure 24(a) andO^), respectively. As 

S^^v^L^i-fteexcitationspectraofbothphosphors extend toth^ 
SjCSnlS^ ^citation pn^bability of these phosphors at 254 nm explams th^ smt- 
SliS f^fluSscent lamp appUcatiii. The quantum efficiency of the optffliized phos. 
Su^i«^ to 270-nJx exdtation reaches 0.95. Th. temperature f P««d«"«^,*« 
S^Sephosphoniissomewhatinfcriorto 
The quenching temperature of the emission is -200*0. 

Prmaraiion. SrHPO^, MgNH^O^. and Eu,0, are commonly used as raw materials. Firing 
Se a^ loS to 12b0-C in It sUghtly reducing atmosphere for several hours. Preferred 
Eu concentrations are -2 mol%. 

Use These phosphors are used for fluorescent lamps in photochemical application; par- 
ticular use is in photocopying lamps for diazo-sensitlve paper systems. 

CrusMs^i^'^ The crystid phase of Sr^tPOOi changes from a to P or p to o type at 
^^S^tion tem^rahiS decreases by 125 to 150»C when Eu^^ ions ^ j^^rpo- 
raS CrSheated to t^perahires higher than lOOO-C and then cooled rapidly show 
plS^ pmcedure Tssumes that the crystal phase of this phosphor « always of 
the a Wpe, indep^dent of firing temperature. The emission intensity, however, dep«.ds 
sS,nfiK^n th^g temperature. A high brightness phosphor is obtained only by Hgh- 
J^^mtSre firing v?he« Ttype fonnation takes place prior to temperature quenchmg. 
Emission characteristics. The emission peak of this phosphor is located at 408 r^^ 
STpigure Z4(c). When the Sr is partially replaced by either ^^S'^^^^' °' 
TuuS^ are obtainable evenatiwm temperature. The emissum mtais.ty of E"**-«^^^i?d 
nhosphors emptying these materials as hosts is Insufficient for practical appUeation." The 
K li°3a of SrfcPOJ,^^^^^ is only about 70% that of Sr^P A:Eu»^ at room temperatuie; 
hSwewSiis situ'atio^is ^versed at high temperatures.- In addition, the exatabon spac- 
bxrni of fliis phosphor is different from those of the pyrophosphate phosphors^ shown 
S^gure 25(c), two separate bands are clearly observabk in the exatation spednim. 
Pr^tion. A mtetUK of SrHPO^ SiCO, and Eu,Q, is commonly ^V^Y^^ 

maleriaL Firing is made at.l200 to 1250"C m a slighUy reducmg atmosphae for 
SSl hours. Addition of a small excess of Sr yields Improved results. The appropriate 
Eu concentration is *-2 mole. 

Use. These phosphors are used for fluorescent lamps in photochemical applications, 
particularly photocopying using diazo-sensitlve paper systems. 

2SrO-0.S4P2Or0.16BiO3:Eu^*^ 
Crystal structure. This phosphor maWx is rtrtained by partial replacement of PPs by 

In Sr^A- X-ray analysis, however, shows that the crystal sttuctuies of these two 
nuiterials are different from each other. 

Endssian characteristics. This phosphor gives a bluc-green emission whose peakis located 
at 480 nm, as shown in Figure 26. This phosphor is efficiently excited not only by 254rrun 
radiation, but also by the 405- and 436-nm mercury lines owing to its broad excrtabon 
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Figur. 24 E^iission spectra of (a) Sr,P.O,Eu- (b) {5.Ms>.P.0.:Bu-; and (c) &3(PO0^Eu-. (From 
S. and Mizuxio, H. unpubUshed «ulb. With penmssionO 




Wavelength (nm) 



r««« 25 Exdtatlor. sp«t« of (a) Sr,PA=Eu- (b) (SrM^TfifEu^'i ^ (0 Sr3(P0 J.;Eu»-. (ftom 
KMdya. S and M^zuno, H., unpublished results. V«th permisaioa.) 
si>ectrum;tha latter extends from *cUVdlthe way intolhevlsible.as sh<>^ 

Wio^s eScy of 62 Im when used in a 4(VW fluorescent lamp u. higher than 
SS SS "aSdSophosphate phosphor activated with trlvaknt ^tiwony. 
Pnparalian. The starting nuiteriak are SrHPO. SrCO^ H^BQ, (W^^ 
is made at 1100 to 1250'C in a slightly reducing atmosphere for several hours, Eu concen- 
tratior)$ of 2 to 3 mol% are normally used. 

Use. This phosphor is utai«d for aass AAA high color rendering fl^^ 

Ite Mue/gieen-eLtting compoixent. Tlxe absorption spectrum extenduig *«; ttj 

wgion Whe advantage of suppressing the mercury emission bnes m the blue regon, 

wwSrS^aUy influent the c^to rendering property of fluorescent lamps unfavorably. 

^^cSiinktionoflhtephosphorwithanoiange^mittingpho^orma^ 
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Figure 34 Emiwion spectra of (a) {Sr,Ba,Mg)3Sii07:Pb»*; (b) (Ba,Zn,Mg)5SiaO,:Pb**; and 
(c) BaSIiOoW*. (From Kamiya, S. and Mizuno, H., unpublished results. With peixnission.) 

excitation spectra of the Sr^^Bai^MgSijOyrPb'* phosphor are shown in Figure 34(a) and 
35(b), respectively. 

Preparation, A slurry is made of SrCO^, BaCOy MgCOy and SiOj in the mole ratio 
0,6;1,4:1.0-^0 with water. Som^ 3% of a Pb compound, usually Pb(NP3)2 in an aqueous 
solution, is added to the mixture. The paste is dried and milled. The resulting powder is 
fired at -lOSO^C in air for several hours. 

Use, The phosphor had been used in diazo copying Ismtips until the SrF207:Eu^^ phosphor 
was introduced. Currently, it is used in lamps for photochemical and insect-etching 

purposes. 

Crystal sfructure. The fluoresoence and the phase diagrams of the Pb^^-activated BaO 
MgOSiQa. and PaO-ZnO-SiOa systems have been reported. Both BaMfoSiO^Q, and 
BaZn^iOgO^ h ave been identified by X-ray analysis as having single phases. The similarity 
between these two phosphors indicates that they are isomorphous; it has been also con- 
firmed that these compounds can make a solid solution. Thermal analysis indicates that 
(Ba,Zn)3Si207 ha$ a reversible ctystallographic transition at about 270^C. Due to this iran* 
sition, this phosphor detaches easily from the tube wall during fluorescent lamp produc- 
tion. However, the transition disappears when more than 0.05 mole Zn^ is^ replaced by 
Mb^\ ThuS/ practical usable phosphors employ the composition Ba2Sni QMgl^1Sil07:Fb'^ 

Emission characteristics. The emission peaJc of BaZn2Si20;:Pb^'^ phosphor is located at 
303 nm, whereas that of the BaMg2Si207:Pb^^ phosphor is at 290 nm. The emission intensity 
of the latter is lower than that of the iformcr. These two phosphors form solid sohitions 
with emission peak position depending on the Mg:Zh ratio. The emission peak shifts to 
shorter wavelengths with increases in the Mg^* content The emission intensity decreases 
when more than 20% of the Zn^* is replaced by Mg^; however, at low replacement levels, 
an increase in the emission intensity is observed. As the intensity decreases, another 
emission band (370-nm peak) appears. The emission peak of the practical phosphor 
BaZni.9Mgo.iSi207:Fb2* is located at 295 nm, as »hown in Figure 34(b). Its excitation spec- 
trum is shown in Figure 35(b). 
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Figure 35 Excitation spectra of (a) (Sr,Ba,Mg),Si20,:Pb^^ (b) (Ba Zn Mg)3Si,0,:Pb^^; and 
(c) BaSiA^Pb^*. (From Kamiya, S. and Mizuno. H., unpublished resulU. With penrussionO 

Proration. A slurry is made of BaC03, ZnO, MgO, and SiC^ ^^^^r J^^J^j^^^ 
ratio of BaCOj is made lower than the stoichiometric ratio, BaOa.92nO.0.1MsO SiOj, 
1 mol% of Pb^^ usuaUy as PbCNO^)^ in an aqueous solution, is added to the blend. The 
paste is dried and miUed. The resulting powder is fired at 1100 to IZOO^C in air for several 
hours. 

Use This phosphor was used for fluorescent sun lamps, Hiis appUcatxon, however, has 
been taken over by the (C^^UFO^^n^ phosphor due to relatively poor maintenance 
characteristics. 

BaSi20s:Pb^*^^*^' ^ ^ . , t_ 

Crystal structure. The BaSiAriV* phosphor is isomoxphous witti the mmeral sanbomite 

and has Aombic symmetry 

Emissim chamctcristics. The BaSiArPb^^ phosphor shows a strong UV emission peaked 
at 350 nm under 253.7'nm excitation. The emission and excitation spectra are shown m 
Figures 34(c) and 3S(c), respectively 

Preparation. The starting materials are SiO^ and BaCOj-The highest brightness is obtained 
when 5 mol% SlO^ in excess of the stoiduometric ratio Is blended; 3 mol% W% usuJUy 
Pb(N03), in an aqueous solution, is also added. The mixed paste is dried and milled. The 
resulting powder is fired in air at 1100 to 12S0^C for a few hours. 
Use. This phosphor is used for black-light lamps. 

Crystal structure. Ihe Eu»*-activated alkaline earth halosilicate phosphors were invented 
by Leete and Mckeag.** X-ray analysis shows that this phosphor has a novel crystal 
structure that is different from that of other Sr siHcates. Detailed luminescwce charactei^ 
istlcs have been reported.** However, a definitive crystal structute for these material has 
not been established- 

Emission characteristics. This phosphor emits bluc-green luminescence and its emission 
peak is located at 490 nm, as shown in Figure 36(a). Besides this main emission band, an 
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additional band peaking at 425 nm due to SrCl.rBu^* occasionally appears m the sintered 
product Thi$ emission band can be removed by washing with watei^« The exatation 
spectrum of this phosphor is shown in Figure 37(a). The luminescence mechanism of this 
phosphor can be explained by the 4f'^d excitation and emission model for Eui^ Owing 
to the splitting of d stales, the excitation spectrum shows a broad band extending from 
200 to 450 nm. This phosphor has good tcmperahire characteristics under 365-nm excita- 
tion; the brightness at 330°C retains 507o of its room-temperature value. 
Preparation. The starling materials— SrCOy SiOa, and SiClj in the ratio of 2:3:2 wiQ\ 
O^OlEuA— ^ mixed with pure water. The paste is dried at 120''C and piefired at SSOKl 
for 3 hours. The prefired cake is milled and then refired for a few hours at 950^ ir\ a 
slightly redudng atmosphere of nitrogen containing 2% hydrogen by volume. The sintered 
pzx>duct is cooled in this atmosphere and milled to a powder. KnaUy, the powder is washed 
with water to remove the remaining SrCl2. 

Use. Ihis phosphor was considered as the blue-green component for high color rendering 
fluorescent lamps, but was not widely used due to shortfalls in its maintenance charac- 
teristics- The phosphor is currently employed for color correction of high-pressure mercury 
lamps because of its high temperature properties. 

Cnjstal structure. crystal slruchire of the Me3(Me=Ca,Si; Ba)MgSiA:Eu'* phosphor 
is isomorphous with the mineral merwinite (CajMgSi^Oe)/ which has rhombic symmetry.** 
Emission dtaracteristics. The emission spectra of the MejCMesCa^Sr^BajNlgSiaOatEu^* 
phosphor depend on the species of alkaline earth metal used in the compound. The 
emission peak of the phosphor contaiiiing Ca is located at 475 nm, and those of the 
pho$phor3 contairung Sr or Ba are located at 460 and 440 nm, respectively.** The emission 
specfarum of the BaMgSijOsiEu^* phosphor is shown in Figure 36(b). The phosphor has a 
quantum efficiency of 050 under the 250-270-nm excitation. As is dear from Figure 37(b), 
the excitation spectrum of this phosphor extends from 200 to 460 nm- Therefore, this 
phosphor can be excited even by blue light. 

Temperature dependence. The temperature dependence of the emission Intensity of 
Me3MgSi20fl:Eu2-^ (M€=Ca,Sr,Ba) phosphors depends on the alkaline earth spedes involved. 
Corresponding to the change of Me, going from Ca to Sr or to Ba, temperature characteristics 
become lietter The emission intensity of Ba^MgSijOBiEu^* at 270**C is about 50% of that 
observed at room temperature. 

Preparation, The raw materials— BaCOj, MgCOa, and very fine SiO^— are mi^^ed in the 
mole ratio 3:1:2 with 0.01 mole BujOy The mixture is fired at 1100 to ISOO^'C for a few 
hours in a slightly reducing atmosphere, preferably a mixture of 5 volume percent hydro- 
gen in nitrogen. The sintered product is cooled in this atmosphere- 

Use. Since the BajMgSi^OacEu^ phosphor has a narrow blue emission band> it is used for 
color correction purposes. The phosphor co-activated with Mn** has the characteristic 
manganese orange emission band peaking at 620 nm in addition to the Eu^'*' 443*nm band. 
This phosphor finds its application in plant growth lamps.^ 



(Sr,Ba)A}ySi90^Et4^'' 

Crystal structure. Feldspar is the general classification for the mineral structure containing 
the three-dimensional silicon-aluminvim-oxygen framework. The frameworks of all the 
alkaline earth feldspars are the same. The crystal symmetries/ howevei; are different, 
depending on the size of the spedes Involved. The Sr*feldspar (SrAUSi^Oa) has tridinic 
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figure 36 Emission .peCr. of (a) SnSi,0. 2SrCl,:Eu-; (b) Ba,MgSUO.^^^^^^ 



SSiaXl^tSBu-Vr^^ ^publish^lresults. Vmpennlssion.) 
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. vn^.v.,^...1H. paWBaAUSUO.^ha.>TT.onoclinicsYir^ 
farms a solid «^\uHtm uP to Sr contents of 40 mol%. 

F»,.'«f«. characteristics. The Si-feldspar phosphor activated by Eu»* shows ttifi stt^zest 

fi«d at temperatoreg of 1150 to 1400»C in a slightly reducing atmosphere, preferably a 
mixture of 5% hydrogen in nitrogen by volume. 

Us*. The Sr«Baa*Al^iP.=Eu- phosphor can be used in dlazo photocopying lamps. 




